Objective: Sedentary behavior accounts for overweight and obesity, independently of physical activity. Correlates of sedentary behavior have not been extensively reported in the literature. Our objective was to determine factors associated with such behavior in 7 to 9-year-old French children in 2007, and to assess interactions between the identified correlates. Design: A nationally representative sample of 2525 children participated in the study. Television viewing, video/computer duration and characteristics of the children and their parents were assessed using a questionnaire completed by the parents. Correlates of television viewing (o2 h per day versus X2 h per day) as a proxy for sedentary behavior were estimated using multivariate logistic regression. Results: On an average, children spent more than 2 h per day in front of a screen (television: 1 h 32 min (s.e.m.: ± 0 h 02 min); video/computer: 0 h 40 min ( ± 0 h 02 min)). Television viewing duration was associated with sociodemographic (child's age, weight status, socio-economic characteristics of the family) and behavioral factors (physical and lifestyle activities). In children of non-overweight mothers, risk of spending X2 h per day in front of a television was significantly higher in those over 9 (versus 7 years: odds ratio (OR): 2.07; 95% confidence intervals (CI): 1.04-4.11), living in an educational priority zone (OR: 1.62; 95% CI: 1.08-2.44), who were not members of a sports team (OR: 2.24; 95% CI: 1.47-3.41), nor declared active by parents (OR: 1.92; 95% CI: 1.13-3.25), and whose parents' education level was lower than high school (OR: 1.84; 95% CI: 1.24-2.72). In contrast, in children of overweight mothers, only the criteria of X4 children in the family (versus 2-3 children: OR: 1.87; 95% CI: 1.05-3.35) and no reported parental occupation (versus manager or white collar: OR: 0.29; 95% CI: 0.11-0.76) were associated with watching televisionX2 h per day. Conclusions: Correlates of sedentary behavior in 7 to 9-year-old children vary according to maternal overweight. Maternal body mass index must therefore be taken into account when developing strategies to prevent a sedentary lifestyle in children.
Introduction
It is generally agreed that increased adiposity results from a complex interaction of genetic and environmental factors, with the disorder being due to an imbalance between energy intake and expenditure. Insufficient physical activity and excessive sedentary behavior are widely assumed to be involved in development of overweight and obesity. 1 A low level of physical activity was long used as an indicator of sedentary behavior. However, it is now recognized that sedentary behavior, defined as minimal body movement, 1 is a concept distinct from the absence of physical activity, with the latter corresponding to body movement. 1, 2 These two types of behavior may have different determinants. 3 In addition, sedentary behavior appears to track better than physical activity from childhood to adolescence 4, 5 and may even have a greater influence on the development of overweight and obesity than physical activity. [6] [7] [8] Sedentary behavior can be assessed by objective methods such as accelerometry, 9 but self-declared duration of tele-vision viewing, videogame-playing and using a computer are most often used, 1 despite subjectivity. Television viewing duration has been given particular attention, [10] [11] [12] as it is the most prevalent form of sedentary behavior among youth 13, 14 and has more often been associated with childhood overweight than other sedentary behaviors. 15 Although much is known about correlates of physical activity, those pertaining to sedentary behavior in schoolaged children have not been extensively reported in the literature. 16 In a review on correlates of television viewing in 2 to 18-year-old children, a number of factors were identified, including ethnicity, parental income, parental education level, body weight, between-meal snacking, number of parents in the household, parental television viewing habits, weekend television viewing habits and a television set in the bedroom. 14 In another review, ethnicity, socio-economic status and parental education were found to be inversely associated with adolescent behavior, whereas in younger children, evidence was insufficient for drawing conclusions. 17 Finally, in a more recent study, screen viewing was associated with age, ethnicity, family television viewing, family factors (maternal depression symptoms and parental body mass), socioeconomic indicators, parental rules and neighborhood safety. 16 Existing data suggest that sedentary behavior is more strongly related to sociodemographic, than to modifiable factors such as psychosocial or behavioral variables, 3, 14 but this requires confirmation.
The identification of correlates of sedentary behavior in children might enable developing more efficient preventive action to decrease sedentary behavior and contribute to target populations at risk. Indeed, we hypothesized that some correlates of sedentary behavior in childhood can be modified, whereas others are useful for identification of high-risk subpopulations. Physical activity is a modifiable behavior inconsistently shown to be associated with sedentary behavior, as indicated by a number of reviews and meta-analyses. 14, 15, 18, 19 Thus, the association between physical activity and sedentary behavior remains to be elucidated. In addition, characteristics such as parental weight and socio-economic status, known to be associated with child sedentary behavior, 14, 20 may modify the relationship of identified correlates with sedentary behavior. Our objective was to determine factors associated with sedentary behavior, as evaluated by television viewing duration, in a representative sample of 7 to 9-year-old children in France in 2007. In addition, we explored potential interactions of correlates of sedentary behavior with one another.
Methods

Sampling scheme
Subjects were participants in a national cross-sectional study, aimed at evaluating the prevalence of overweight and obesity in 7 to 9-year-old children in France, according to protocol proposed by the European Childhood Obesity Group (ECOG). 21 The study was conducted in 2007 throughout the entire territory of metropolitan France, using a multistage sampling design stratified on administrative school districts. In each stratum, at least two sub-districts participated in the study. In each participating sub-district, one primary school was randomly selected. The last stage of sampling involved random selection of two classes corresponding to ages 7-8 and 8-9 in each of the selected schools. All children from those classes were included in data collection. If a class included less than 15 children, another class in the same school was selected, or if that was not possible, in another school. The protocol received the approval of the French Data Protection Authority (Commission nationale de l'informatique et des libertés, CNIL, authorization n8906313).
Data collection and measurements
A self-administered questionnaire, which included information on sedentary behavior, lifestyle activity and physical activity, was completed by the parents. Description of various sedentary behaviors comprised time spent viewing television and time spent on videogames/computers, on school days and non-school days separately. Lifestyle activity assessment included type of transportation to school (on foot/bicycle/scooter/roller skates or motor vehicle), time spent commuting to school and time devoted to outdoor activities outside of school (oone per week; one to two times per week; X three times per week). Physical activity assessment included being a member of a sports team outside of school (yes/no) and a subjective evaluation by parents of whether their child was generally active (yes/no). The self-completed questionnaire also included information on the child's family (ages of the parents, reported weight and height of parents, parental education level, parental occupation, marital status, number of children at home) and the child's birth (gestational age, anthropometry, early feeding).
Finally, weight and height of the children were measured by nurses or physicians from the French Ministry of Education, using standardized procedures. 22 Anthropometric measurements were performed in lightly dressed children, without shoes, preferably in the morning, using height gauges and scales available at schools.
Statistical analysis
Analyses were performed in children with complete information on age, sex, weight and height. Children under 7 or over 9 years were excluded. The body mass index (BMI) was computed. Using declared time spent viewing television and using computer/videogames on school days and non-school days, an average time per day was calculated for each variable. Time spent watching television and that spent using computer/videogames were summed up, resulting in a third variable corresponding to time spent in front of a screen (total screen). Outdoor activities outside of school time were grouped into two categories (othree times per week, Xthree times per week), and birth weight into three categories (o2500 g, 2500 g-3999 g, X4000 g). Parental education level (five categories) was classified into two categories ('higher than high school graduate', 'lower than high school graduate'). Parental occupation (open question) was grouped into three categories ('manager and white collar', 'selfemployed' (including farmers, shopkeepers, craftsmen, selfemployed) and 'employee and manual worker'). The highest occupation or education category of adults living with the child (usually the mother and father) was retained. We determined whether selected schools were part of educational priority zones (EPZ). EPZ schools are generally in deprived sectors and receive special support from the government.
Analysis was performed using weighting to take into account the complex sampling scheme and calibration to provide nationally representative results. Initial weighting was based on the number of primary schools divided by the number of selected schools in each administrative school district. It was then multiplied by the inverse probability of a children being selected from each selected school. Calibration was done according to the national census data on age, sex and whether the school was part of an EPZ or not. Means and frequencies with their standard errors were estimated using the STATA V.10 (Stata Corporation, College Station, TX, USA) declaration for the complex sampling scheme ('svyset' function) and 'svy:' option.
Descriptive statistics were used (% and 95% confidence interval (CI)) to present general characteristics of children. Mean time per day spent on sedentary behaviors, that is, television viewing and computer/videogame use, was calculated according to sex, age and anthropometric characteristics of children. An adjusted Wald test was performed to compare sedentary behaviors across sex, age and overweight categories.
Given its association with child weight status and its better response rate than computer/videogame duration, time spent watching television was selected as a proxy for general sedentary behavior in later analyses. Television viewing duration was grouped into two categories (o2 h per day, X2 h per day), as this is the mean duration observed in the general child population in France. 25 The association between time spent watching television X2 h per day and several potential determinants was assessed using the Pearson w 2 -test for qualitative variables and the adjusted Wald test for quantitative variables, as appropriate. General characteristics of the included and excluded children in this analysis were also compared using the adjusted Wald test and w 2 -test, as appropriate.
Risk factors for television viewing X2 h per day displaying a Po0.15 in univariate models were further combined in a multivariate logistic regression model. As the non-response rate for parental occupation was over 10%, missing information was considered a specific item. Gender was included in the initial model, as we had reason to believe it might partly mediate the effects of several determinants. Interactions between correlates of television viewing X2 h per day were assessed. Regression analysis was carried out separately according to maternal overweight, because of a significant interaction between maternal weight status and several risk factors. The final model was selected after a backward stepwise method. Factors with PX0.05 were excluded from the final model if their exclusion did not modify other OR by more than 10%.
Results
Among the 96 mainland French administrative subdistricts, 64 (66.7%) participated in the study; among them, 81 primary schools were randomly selected. Only 3.1% of parents refused participation of their child in the study, giving 2699 participating children. We excluded 174 children, because they were not in the 7 to 9-year-old age range. A total of 2525 children were therefore included in the present analysis.
Characteristics of the sample
Characteristics of children are presented in Table 1 . The prevalence of overweight including obesity was 17.4% in boys and 19.5% in girls. It was 16.6% in 7-year-old children, 19.0% in 8-year-olds and 19.9% in 9-year-olds. Overweight prevalence was not statistically different between girls and boys or across age classes.
Time viewing television and using computer/videogames according to sex, age and body mass of children Time spent on sedentary behavior according to age, sex and body mass characteristics of children is presented in Table 2 . On an average, children spent more than 2 h per day in front of a screen, two-third of it spent watching television. In general, boys used computers, played videogames and were in front of a screen more frequently than girls. Older children spent more time in front of a television, computer or videogames and accumulated more total screen time than younger children. Finally, time spent in front of a television increased from non-overweight children to overweight (nonobese) and obese children (P ¼ 0.001 and P ¼ 0.002, respectively); this was also true of time spent in front of a screen (P ¼ 0.007 and P ¼ 0.006, respectively). BMI status was not associated with use of a computer or videogames; the association between BMI status and total screen time was primarily due to television viewing. Television viewing time
Correlates of sedentary behavior in children S Péneau et al was therefore used as a proxy for sedentary behavior in the ensuing analyses. In addition, in our sample, children of overweight mothers generally spent more time watching television (1 h 50 min±0 h 03 min (s.e.m.)) than children of non-overweight mothers (1 h 23 min ± 0 h 04 min (s.e.m.)).
Individual correlates of watching television X2 h per day Among the 2525 children, 318 were excluded from univariate analysis, because of missing data on time spent watching television. A total of 2207 children (87.4%) were therefore included. Excluded subjects were more likely to attend EPZ schools (P ¼ 0.02) and to be only children (P ¼ 0.04).
Determinants of sedentary behavior, as measured by time spent watching television, were tested individually (Table 3) . Our results showed that a number of characteristics differed according to the duration of television viewing. In particular, children who watched television X2 h per day were older than those who watched it o2 h per day; they were more likely to attend an EPZ school and actively commute (on foot, by bicycle, etc.) to school and less likely to belong to a sports team or to be declared active by parents. In addition, they were more likely to have a younger or overweight mother, parents with a lower education or occupation level and more siblings.
Combined correlates of television viewing X2 h per day according to maternal overweight The analysis was carried out separately according to maternal overweight, because of a significant interaction between maternal weight status and several risk factors (for example, Correlates of sedentary behavior in children S Péneau et al parental education level (Po0.01), parental occupation (Po0.001), member of a sports team (Po0.05)). Among the 2207 children, 361 were excluded from multivariate analyses because of missing data on covariates, leaving 1846 children (83.6%). Results of logistic regression models showing risk factors for children of overweight and non-overweight mothers, respectively, are presented in Table 4 . Among children of non-overweight mothers, increased risk of television viewing X2 h per day was observed when children were older (9 versus 7 years), had parents with a lower education level, frequented an EPZ school, did not belong to a sports team and were declared inactive by parents. Among children of overweight mothers, decreased risk of television viewing X2 h per day was observed when children had parents with no declared occupational level, and an increased risk was found in children of families made up of at least four children. In one third of cases, missing data for parental occupation concerned housewives who did not declare the father's profession.
Comment
We show for the first time that characteristics associated with sedentary behavior differ according to maternal weight status. In children of non-overweight mothers, television viewing X2 h per day was related to the child's age, family socio-economic characteristics, the environment and the child's physical activity. In contrast, children of overweight mothers showed relatively homogeneous sedentary behavior. No association was found between television viewing Correlates of sedentary behavior in children S Péneau et al X2 h per day and the child's characteristics, and only a weak association with family characteristics.
As this study was carried out nationwide, our sample could be expected to represent 7 to 9-year-old children living in France. The 7 to 9 year age range is recommended by ECOG protocol. 21 Non-response rates in this study were generally low, with the exception of parental occupation, which was therefore analyzed as a specific item. Finally, our study enabled precise evaluation of overweight, using measured weight and height, and of sedentary behavior, using simple markers, and it covered a rather broad range of potential influential elements. However, a causal relationship between sedentary behavior and the child's characteristics cannot be inferred due to the cross-sectional design. The use of questionnaires completed by the parents to estimate their child's sedentary behavior may have induced bias leading to underestimation of television viewing duration, compared with objective measurements.
However, objective measurements might also influence sedentary behavior. Parental overweight was assessed by selfreporting and may have led to misclassification of overweight status. However, these types of data are reliable for identifying relationships in epidemiological studies. 26 Another potential limitation of this study was the use of television viewing as a proxy measurement for sedentary behavior. However, such a marker is often used, [10] [11] [12] as it is a modifiable behavior. In addition, it must be noted that television viewing is the most prevalent form of sedentary behavior among youth, 13, 14 and in our study, weight status was associated with television viewing duration, but not with time spent using a computer/ playing videogames.
Child overweight and sedentary behavior
The present study indicates the actual prevalence of overweight and obesity in a representative sample of French 27 We found that the child's BMI was positively associated with television viewing time and total screen time, whereas no association was found with computer or videogames use. Similarly, two reviews of prospective observational studies reported positive associations between adiposity and television viewing in children under 10, 1,15 whereas less consistent results were observed in older children 1, 15 and for all age groups. 14, 18 In agreement with our results, the association between videogames/ computer use and body fatness was shown to be limited or inexistent. 14, 15, 18 A potential explanation for this difference is the greater amount of time spent watching television, compared with use of computers and videogames. In addition, television is often associated with high energy intake. 28 Use of computers and videogames requires both hands and might limit concomitant food intake. In addition, food products are primarily advertised on television. 28 Nevertheless, although television viewing dominates during early and mid-childhood, time spent in front of other screens increases during adolescence.
15
Individual correlates of television viewing X2 h per day as a proxy for sedentary behavior To date, research has mainly focused on the association between sedentary behavior and non-modifiable factors such as socio-demographic factors. In our study, children who watched television X2 h per day, suggesting greater sedentary behavior, were more likely to be older, in agreement with most, 12, 16, 29, 30 but not all, 14 studies. At 7 to 9 years of age, boys and girls did not show differences in television viewing duration, supporting data from the literature. 12, 14, 16, 20, 30 Television viewing X2 h per day was associated with parental socio-demographic characteristics such as education level and occupation, as generally found in the literature 3, 14, 16, 20 and with maternal age. 16, 31 Finally, children in families with X four children were more likely to spend more time in front of a television, whereas data in the literature give inconsistent results. 20, 32 In our sample, television viewing X2 h per day was negatively associated with the items 'belongs to a sport team' and 'declared active by parents', whereas outdoor activities showed no association, and commuting to school showed a positive association. Physical activity displacement is a mechanism widely hypothesized to explain possible relationships between sedentary behavior and body fatness, although there are conflicting data on a potential link between sedentary behavior and physical activity. 14, 15, 18, 19 Our data suggest that television viewing X2 h per day might displace physical activity only in the case of vigorous activity. The positive association between sedentary behavior and the way children commute to school might be linked to the socio-economic status of the family, and whether or not a car is available.
Combined correlates of television viewing X2 h per day as a proxy for sedentary behavior according to maternal overweight Interestingly, our study showed that determinants of sedentary behavior in children differed according to the mother's BMI. In children of non-overweight mothers, a combination of behavioral (that is, child's physical activity) and non-behavioral factors (that is, child's age, socioeconomic characteristics of the family, environment) were associated with television viewing X2 h per day. These characteristics are often found in literature dealing with sedentary behavior. 14, 30 However, as previously mentioned, an association between physical activity and sedentary behavior was not found in other studies. 14, 15, 18 Those studies did not distinguish children according to maternal overweight, which might have masked such an association. In addition, the intensity of the activity in question (that is, moderate versus vigorous physical activity) may differ between studies. In children of overweight mothers, we found a significantly decreased risk of television viewing X2 h per day only in the parental occupational category of 'missing data', and an increased risk in children from families composed of more than three children. Therefore, it seems that behavioral and non-behavioral factors do not have a strong impact on children of overweight mothers. Children of overweight mothers would appear to have rather homogeneous sedentary behavior, with limited influence of covariates.
Early childhood exposure to television due to parents or siblings watching television might influence early viewing habits which, in turn, may be incorporated into family lifestyle later in life. 32 Sedentary behavior might also be related to activity preferences, as suggested. 33 The risk of obesity could be partly transmitted to the next generation, because children in obese families might be more likely to prefer sedentary behavior. 33 An interaction between the lifestyle of adolescents and that of their parents was suggested. 8 In particular, children from obese families were found to spend more time watching television, using a computer and enjoying low-impact activities, than children from lean families. 33 Another study, in a low-income population, revealed that children watched more television if their mothers were obese. 20 The influence of parental sedentary behavior during childhood is of particular concern, as sedentary behavior has been shown to be very stable from childhood to adolescence.
4,5
Conclusions
In our study, the child's weight status was associated with television viewing duration, but not with time spent using a computer or playing videogames. Maternal BMI strongly influences childhood television viewing as a proxy for sedentary behavior and seems to overcome the impact of other characteristics, if mothers are overweight. Increased sedentary behavior in children of overweight mothers could
Correlates of sedentary behavior in children S Péneau et al partly contribute to explaining the link between parental and child overweight. The fact that television viewing has different determinants depending on the mother's BMI is an important finding. Strategies for reducing sedentary behavior in the form of television viewing may have a greater impact on children of non-overweight mothers than those of overweight mothers. These differences must be taken into account when elaborating strategies for reducing sedentary behavior and/or overweight in children.
